Abstract The goal of this study was to analyze the content of heavy metals in fish, shellfish, molluscs cephalopods on the Romanian market. We have analyzed heavy metals traces in sixteen marine organisms species. Analyses of heavy metal traces were done with mass spectrometer with inductively coupled plasma-ICP-MS, Agilent Technologies 7500 Series. Among the elements identified it was analyzed the content of Cd, Hg, Pb, metals with high toxicity to the human body, and the obtained values were interpreted in accordance with Commission Regulation (EC) No 1881/2006 concerning the maximum allowable quantity per kg wet product and Provisional Tolerated Weekly Intake (PTWI) established by the Joint Committee experts WHO / FAO. The risk assessment performed indicated that marine organisms were safe for the consumer except the four species that cadmium content may be exceeded for a regular or excessive consumption.
Introduction
Except for occupational diseases because of heavy metals (Pb, Cr, Hg, Mn, Cd, As,), man may be contaminated with heavy metals in unprofessional conditions, ie by ingesting contaminated food, water, and by air polluted by heavy metals [1] , [2] . Toxic metals do not appear as free metal, but only in the form of combinations: salts, oxides, chelate complexes etc. Metal ions do not undergo any biochemical transformation in the body, they can change their valence and belonging to a group or different combinations and toxic effects can be analyzed in relation to the initial composition (eg pesticides, Hg, Sn, Zn, and Cu ) [3] or by the nature of degradation products in soil, food and the body.
Metals for which we have sufficient data to prove their toxicity are: Hg, Pb, Sb, Cd, Zn, Cu, Sn, Ag, Au, Ni, Cr, V, and Al. Some of them are essential elements such as Zn, Cu, Ni, Cr, Co, V, which are toxic at higher doses than acceptable daily intake DAI. Practically all of chemical combinations are toxic metal above a certain dose specific to each element [4] , [5] .
The content of heavy metals in some fish species and other marine animals used in various diets, commercialized in Romanian supermarkets was analyzed in the paper. Fish is an extremely valuable food by its content [6] in high quality protein, fat rich in polyunsaturated fatty acids, vitamins (mainly A and D) and minerals (iron, phosphorus, potassium, magnesium etc.).
Chemical pollution of water is the result of organic or inorganic discharge of compounds used in various industries (hydrocarbons, salts of heavy metals, acids and inorganic bases, organic synthetic substances) or in agriculture (phosphates, nitrates, amendments, pesticides) [7] .
The average concentration of cadmium in seawater was evaluated at 0.3 µg/L. In natural waters used as drinking water, cadmium is sometimes undetectable, sometimes found values did not exceed 0.06 µg/L. Marine molluscs and crustaceans along with sardines and eels have the capacity to concentrate cadmium of 10000-100000 times from sea water. Maximum permissible limit of cadmium in fish under Commission Regulation (EC) 1881/2006 is 0.050 -0.10 mg/kg wet weight and in canned and semi-canned fish in oil and canned and semi-canned fish in tomato sauce or vinegar and salted, smoked or dried fish is 0.05 mg/kg. The main objective of the present research was the identification and quantitative analyses of toxic elements and determining the potential risk according with Provisional Tolerated Weekly Intake (PTWI).
Experimental
The 
Sampling and sample preparation
Samples analyzed were purchased from Romanian market, totalling sixteen species of carnivorous and predators fish (pike, salmon, cod, sea wolf, shark, tuna, pangasius), zoofag micro carnivorous fish (mackerel, herring, sprat), omnivorous fish (carp, mackerel, chub), shellfish (shrimp), mollusks (clams), squid (cephalopods).
Organic matter in the sample is destroyed by carbonization and then, after burning in electric oven at 450-500°C the ash is dissolved in diluted hydrochloric acid.
10 g of homogenized sample is weighed, with an accurate of 0.01 g and treated with 3 mL solution of magnesium nitrate, then evaporated and calcined at 450-500ºC for 4 hours. The ash is treated with 5mL hydrochloric acid and a drop of hydrogen peroxide, and then evaporated to dryness. Residue is treated again with 5mL hydrochloric acid, diluted with 5mL water and passed through a quantitative filter paper with medium porosity in a graduated flask of 10mL. In parallel a blank is prepared. All solutions were prepared with reagent grade chemicals and ultra-pure water (18 MΩ cm); nitric acid and hydrochloric acid were ultrapure from Sigma Aldrich.
Reagents
• Magnesium nitrate, solution 10% purified of heavy metals by stirring with 0.005% dithizone in carbon tetrachloride or chloroform;
• Diluted hydrochloric acid in admixture with acetic acid: one volume of hydrochloric acid, d = 1.10-1.19 is mixed with two volumes of water; 1mL of glacial acetic acid is added to 100 mL solution prepared as above; • Hydrogen peroxide solution 30%.
Apparatus
The analysis of samples were done using atomic emission in plasma coupled with mass spectrometry technique with ICP-MS Agilent Technologies 7500 Series device with a detection limit of 10 -12 [9] .
Data processing
Principal Component Analysis was performed with the software Unscrambler X 10.1 (Camo, Norway) according to the moisture content, ash content and the concentration of various minerals (Li, B, Mg, Al, K, Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Ag, Cd, Sn, Pt, Ce, Au, Hg, Pb, Bi, U).
Risk assessment
The Estimated Daily Intake (EH s) was calculated for Cd and compared with tolerable Daily Intake (TD / S). The data is based on the assumption that body weight is 60 kg: EDI=(CxFDC)/BW (2) where:
C -the concentration of contaminant (µg/g), FDC stand for fish daily consumption (g/d) and BW -the body weight (kg) [ 3] .
BW WCI
where:
PTWI -provisional tolerable weekly intake, mg/kg bw WCI -weekly food consumed (kg/week) [10] 
Results and discussions

Metal analysis
Most of elements of the Periodic Table were identified and quantitatively determined in the solutions of sixteen samples, as follows in Table 1 .
Previously, moisture and ash were determined for all samples, according to Table 2 and of a in Table 1 . The volume of acid solution to dissolve the sample was 25 mL. After analyzing the samples maximum permissible dose was exceeded for cadmium. Cd content, expressed in mg/kg wet weight was exceeded in salmon case of 20.86 times, 6.35 times for scallops, 4.84 times for calamari, 2.14 times for tuna in oil, according with maximum limits for Cd in different fish species (EC 1881/2006), The maximum permissible dose of cadmium per kg of wet product was exceeded in 4 cases (Fig. 1).   Fig.1 . Samples that cadmium content exceeds maximum permissible dose.
Cadmium is more concentrated in marine mollusks, crustaceans, than in the fish as very similar to those recently found by E. Beccaloni, et al, [1] .
Tin was found in only four cases (Fig.2) , without exceeding the maximum permissible dose, being dependent on the concentration of tin in the water, its source being a result of water pollution due to the use of fungicides in agriculture. 
Data processing
Principal Component Analysis was carried out to evaluate the effect on the overall chemical composition of the variety of marine organisms ( Fig.  3 and 4) and to determine the significant differences among fish species. Figures 3 and 4 PC1 component distinguishes samples according to the content of Ce, Ni, Cr, Mg, W, Cd, while PC2 component distinguishes samples to the content of the Ag, K and Pt. Tin and gold concentrations near the origin of coordinates shows that these parameters are not useful in the total variation. Component PC1 distinguishes types of marine organisms in two categories: the first consists of cod, sea wolf, chub, pike, mackerel, carp, mackerel, tuna, sprat, salmon, calamari and mussels, and the second consisting of shrimp, pangasius, shark and mackerel.
According to Pearson correlations (0.7 <r <1), the elements that are cross-correlation (dependent on each other) are: Cr-Ni, Zn-Br, Zn, Cd, Ag, Al, Cd, Br, Cd, U, Pt-Au.
Risk assessment
In the Commission Regulation (EC) No 1881/2006 of 19 December 2006 was setting maximum levels for certain contaminants in foodstuffs. The previous guideline for a maximum recommended Cd intake of 1 mg/kg body weight per day is thus shown to be too high to ensure that renal dysfunction does not occur as a result of dietary Cd intake.
Average adult intakes of cadmium were, with one exception, below the Provisional Tolerate Weekly Intake (PTWI) of 7 mg/kg bw [11] .
Provisional Tolerate Weekly Intake (PTWI) is about 25 mg/kg bw in four countries providing data. At a consumption of 150 g product per day, 3 times a week, the content of Cd is overcome by 2.59 times in the case of the squid, shellfish 2.72 times in the case of 1.1 times in salmon.
